We address the problem of exact signal recovery in frequency-domain optical-coherence tomography (FDOCT) 
INTRODUCTION

Frequency-domain optical-coherence tomography (FDOCT) is an effective and noninvasive interferometric technique that is suitable for three-dimensional imaging of biological specimens. Using FDOCT, one can acquire the information of the depth scan of the specimen within a single exposure. FDOCT is becoming increasingly popular because it is significantly faster than its counterpart-time-domain optical coherence tomography (TDOCT). FDOCT has higher sensitivity and signal-to-noise ratio compared to TDOCT.
FDOCT is also amenable to high-resolution imaging by using the principles of phase-shifting interferometry. 3 The primary applications of FDOCT have been in dermatology 4 and opthalmology. 5, 6 In the FDOCT experiments, the measurements are spectral intensities, from which we desire to construct a tomogram of the object. The 
SIGNAL ACQUISITION
In Fig. 1 
SIGNAL MODEL
The measured output of the optical spectrum analyzer is a function of the wavelength and it is mapped onto the wavenumber scale k. The resulting interference signal I(k) is given by the following equation (see the chapter by Lindner et.al. 10 for details):
where
n(z) is the refractive index as a function of the depth z, a(z) is the amplitude of the wave backscattered from the object, and
S(k) is the spectrum intensity distribution of the broadband light source for a given wavenumber.
We ignore the dispersion in the specimen. We also make the zeroth-order approximation n(z) = n. This assumption is widely used and holds when the bandwidth of the source is moderate. We also make the substitution ω = −2kn, so that
The tomogram-reconstruction problem now simplifies to recovering a(z) given I(ω). The source spectrum S(ω) can be measured by blocking the object arm. Therefore, the term of interest is
which is the measurement normalized with respect to the source spectrum. 
AUTOCORRELATION ARTIFACTS
Define A(ω) = ∞ 0 a(z)e −jωz dz
. Developing the squares in (3), we get
Taking the inverse Fourier transform of both sides of (4), we get 
LOGARITHMIC TRANSFORMATION TECHNIQUE
The intensity of the signal reflected from the object is much smaller than the reference intensity. Therefore, we have that |A(ω)|
1, ∀ω. The autocorrelation artifact is the result of the multiplicative interaction between A(ω) and its conjugate. To convert the multiplicative interaction to an additive one, let us consider the logarithm of H(ω):
log(H(ω)) = log(1 + A(ω)) + log(1 +
where O denotes the Landau symbol. The second equality above has been obtained by using a Taylor series expansion under the hypothesis that |A(ω)| 
We note that A(ω) has a causal inverse. Therefore, A n (ω) also has a causal inverse for n ≥ Similarly, A(ω) and A * n (ω) have non-causal inverses. Thus, the logarithm neatly separates the signal into causal and non-causal parts. Retaining the causal part in the inverse of log(H(ω)) and applying a Fourier transform, we get log(1 + A(ω)). A(ω) can be recovered from log(1 + A(ω)) by complex exponentiation. The desired function a(z) can be computed from A(ω) by inverse Fourier transformation.
Thus, the logarithmic transformation enables exact recovery of a(z) from H(ω).
In practice, the Fourier transform can be implemented by using the fast-Fourier-transform (FFT) algorithm. The logarithm and exponential operations are nonlinear; therefore, oversampling is necessary to suppress aliasing errors. Typically, oversampling by a factor of two suffices for practical applications. Fig. 2(a) . We assume that the source power spectrum is perfectly flat. The tomogram constructed by using the standard inverse-Fourier-transform technique is shown in Fig. 2(b) . Note that autocorrelation artifacts interfere with the structure of the specimen. The scattering function recovered by using the logarithmic transformation is shown in Fig.  2(c) . Note that the autocorrelation artifacts have been completely suppressed.
EXPERIMENTAL RESULTS
We validate our technique on both synthesized and experimental data. We synthesized a multilayer biological specimen with a scattering function as shown in
Next, we report the performance on FDOCT measurements of the human-eye retina. The experimental setup is shown in Fig. 3 Fig. 4(a) . The tomogram obtained with the logarithmictransformation technique described in Sec. 5 is shown in Fig. 4 (b) 
